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Abstract: 

To date no specific serological parameters are available to assess disease activity in 
systemic lupus erythematosus (SLE). The objective of this study was to correlate serum levels 
of thrombomodulin (TM), intracellular adhesion molecule-1 sI[CAM-1, vascular cell adhesion 
molecule-1 sVCAM-1, and E-selectin with standard laboratory tests and clinical indices of 
disease activity in 40 patients with SLE and 20 apparently healthy persons as controls. 
According to British Isles Lupus Assessment Group (BILAG) disease activity index, the 40 
patients were divided into two groups, the first consisted of 22 with active disease, and the 
second consisted of 18 patients with inactive SLE. Serum sTM, sICAM-1, sVCAM-I, and E- 
selectin were measured in their sera, using enzyme linked immuonosorbent assay (ELISA) 
technique.C-reactiv protein (CRP), Erythrocyte sedimentation rates (ESR) and serum 
creatinines were measured by standard laboratory tests. Total leukocytic count and hemoglobin 
concentration were detected by coulter counter. Levels of sTM and sVCAM were highly 
elevated in the group of patients with active SLE as compared to the inactive one (P<0.0005) 
while sICAM-1 levels were moderately elevated (P<0.005). E-selectin was poorly correlated 
with disease activity in SLE (P>0.05). In SLE, the BILAG disease activity index, ESR and 
serum creatinine correlated best with sTM, sVCAM-1 and E-selectin levels while there was a 
weak association between CRP levels and the adhesion molecules, and no correlation between 
CRP level and disease activity. 

In conclusion, sTM and sVCAM were the most important serological indices of disease 
activity in SLE and might be valuable serological parameters for monitoring therapy. 


Introduction:- 


to blood vessel destruction and organ injury 
(e.g. glomerulonephritis and _ vasculitis).It 
has been suggested that expression of 
adhesion molecules primes the vascular 
endothelium for subsequent injury, as 
reflected by increased release of thromb- 
omodulin (TM) into the circulation 
(Belmont et al; 1997 , Boehme et al ;2000). 

TM is a cell-surface glycoprotein 
located at the luminal surface of the 
vascular endothelium and acts as a 
membrane bound; high-affinity thrombin 
receptor (Dittman and Majerus; 1990).It 


Systemic lupus erythematosus (SLE) 
is an autoimmune disease of unknown 
aetiology affecting multiple organ systems 
.The role of vascular injury in the 
pathogenesis of SLE has been well 
described {Belmont et al ; 1999, Cronstein 
et al; 1999}. Circulating immune 
complexes of auto antibodies and self- 
antigens are deposited in the vascular walls 
of SLE patients and activate the 
complement pathways .The resulting 
complement products stimulate leucocytes 
to injure the vascular endothelium, leading 
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both members of immunoglobulin super 
gene family (Christian et al; 1998). ICAM- 
1 is constitutively expressed on endothelial 
cells and on a variety of B and T- 
lymphoblastoid cell lines (Fougerolles et al; 
1991). The ligand for ICAM-1on other cells 
is leukocyte function- associated antigen-I 
(IFA-1, CD II a /CD18) (Dransfield et al; 
1990). It is involved in cell-cell adhesive 
interaction of the immune system. It is a 
cytokine- induced glyco -protein involved 
in recruitment of cells into tissues 
undergoing inflammatory responses. 

VCAM-1 is a seven domain member 
of the immunoglobulin super gene family. 
It is constitutively expressed at low levels 
by bone marrow stromal cells (juneje et al; 
1993). It can be induced on vascular 
endothelial cells and follicle dendritic cells 
and up regulated on marrow stromal cells 
by cytokines such as IL-land TNF- 
a(Bachner et al; 1995). The ligand for 
VCAM-1 is very late activation antigen-4 
(VLA-4) on lymphocytes and monocytes 
(Dransfield et al; 1990). 

E-selectin was previously known as 
endothelial leukocyte adhesion molecule-1 
(ELAM-I). It is now clustered as CD62E 
according to the international workshop on 
human leukocyte differentiation antigens 
(Peakman and vergani; 1997). It is one of 
the selectin group of adhesion molecules 
regulating interaction of leukocytes and 
endothelial cells (Kansas; 1996). 
Circulating leukocyte binds to the selectins 
expressed by activated endothelium and 
thereby leukocyte migration occurs. Its 
principle ligand is sialyl lewis x blood 
group carbohydrate and is associated with 
CD 15 molecules present on leukocytes. It 
is the first inducible adhesive molecules to 
be demonstrated in the inflammatory 
process on the endothelial cells and has 
been found only on the endothelium 
(Cronstein and weissman; 1993). Soluble 
mediators of inflammation as IL-I, TNF-a, 
endotoxin or substance P stimulate 
endothelial cells to synthesize and express 
E-selectin (Pober et al; 1986) which, like 
other adhesion molecules, is primarily 
found in soluble form after endothelial cell 
interaction (Carlos and Haralan; 1994). 


down- regulates coagulation by acting as a 
cofactor of thrombin- catalyzed activation 
of protein C (PC). The binding of thrombin 
to TM increases its ability to activate PC at 
least 1000 fold (Esmon et al; 1982). 
Activated PC inhibits coagulation by 
inactivation of coagulation factors Va and 
171112 in the presence of cofactor protein 
S(PS) and the C4 binding protein . Thus, 
TM plays a major role in the regulation of 
intravascular coagulation (Scarpati and 
Sadler; 1990). TM is released mainly due to 
endothelial cell damage and not due to 
physiological activation and it is present in 
the circulation in its degraded forms (Ishii 
et al; 1991). Its soluble form (sTM) is 
detected in plasma and urine after endo- 
thelial injury, and has been reported as a 
predictor of thrombotic crisis (Ishii et al ; 
1990) .TM has been used widely as a 
marker of micro vascular endothelial injury 
and thrombotic events in various diseases, 
such as disseminated intravascular coagul- 
ation (Endo et al ;1995), multiple sclerosis 
(Tsukada et al 31995) rheumatic diseases 
(Ohdama et al ; 1994) and vasculitis 
(Boehme et al ;2000).Thus sTM elevation 
seems to be a promising marker for disease 
activity in SLE, nephritis and vasculitis 
(Boehme et al ;1994,Kotajima ; et al 1997, 
Boehme et al ;2000). 

Adhesion molecules, including 
vascular cell adhesion molecule-1 (VCAM- 
1) E-selectin and intracellular adhesion 
molecule-1(ICAM-1), are essential for 
cellular interactions, and play an important 
role in the activation and adhesion of cells 
(Springer;1994). Up-—regulated expression 
of adhesion molecules on leukocytes and 
vascular endothelium leads to the adherence 
of inflammatory cells to the blood vessel 
wall and their subsequent extravasation 
(Cronstein et al; 1999).Soluble adhesion 
molecules have been detected in plasma 
and thus serve as useful markers of both 
leukocyte and endothelial cell activation in 
different diseases, such as autoimmune 
disorders, including rheumatoid arthritis, 
vasculitis and SLE (Horak et al; 2001). 

Intracellular adhesion molecule-1 
(ICAM-1, CD102) and vascular cell 
adhesion molecule-1(VCAM-1, CD106) are 
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shown correlations between BILAG scored 
in this way, systemic lupus activity measure 
(SLAM) and SLE disease activity index 
(SLEDAD (Symmons et al; 1988). BILAG 
scoring system was used in the present 
study. Active patients were defined as those 
with at least one B grade and a total BILAG 
score> 4. According to the above criteria 
the 40 patients were divided into: 

1. Group I: -Consists of 22 patients with 
active disease, having BILAG score >10. 
Their mean age was 16-60 (38+15.0), 16 
females and 6 males. 

2. Group II: -Consists of 18 patients with 
inactive disease, having BILAG score 0-5. 
Their mean age was 16-60 (40+ 18), 12 
females and 6 males. 


Laboratory assessment:- 

Blood samples from patients and 
controls were collected. 

Serum samples were assayed immed- 
iately for C-reactive protein (CRP) 
(SASTM-CRP latex- agglutination slide 
test), Rheumatoid factor (RF) (SASTMRF. 
latex agglutination slide test) and serum 
creatinine. Erythrocyte sedimentation rate 
(ESR) (Westergern). Total leukocytic count 
(TLC), platelet count (PC) (Coulter.s) and 
hemoglobin (HB) were done by using 
coulter counter (Micros). Serum samples 
from both patients and controls were stored 
at -70°c for later determination of sICAM- 
1, sVCAM-1, thrombomodulin and E- 
selectin. 

Immunoassay:- 

Concentrations of thrombomodulin, 
sVCAM-1, sICAM-1 and E-selectin were 
measured using commercially available kits 
for quantitative enzyme-linked immuno- 
sorbent assay (ELISA) (Diaclone Research, 
France). The tests were performed accor- 
ding to the manufacturer's instructions. 
These kits were solid phase sandwich 
ELISA. Monoclonal antibodies specific for 
each component has been coated onto 96- 
well plates. Serum samples and standards of 
known concentration were pipetted into 
these wells. During the first incubation, 
antigen of each component and a 
biotinylated monoclonal antibody specific 
for each component were simultaneously 
incubated .After washing, the enzyme 


The objective of this study was to 
determine the serum concentrations of 
sTM, sVCAM-1, sICAM-1 and E-selectin 
in correlation with disease activity in 
Egyptian patients with SLE. In order to 
detect the most helpful one in assessment of 
the active stage of the disease. 


Patients and methods: - 

Sixty serum samples were collected 
from 40 patients (10 males and 30 females) 
attending rheumatology clinics at AlZahraa 
Hospital ,AL-AZHAR university, Cairo and 
a group of 20 normal volunteers as controls, 
from medical and laboratory staff (5 males 
and 15 females). The age of the patients and 
controls ranged between 16-60(38+15.0) 
.None of the patients had a recent history of 
infection and were not receiving drugs 
except for non steroidal anti-inflammatory 
drugs and analgesics. 

All samples were taken in the morning 
to avoid diurnal variations in the disease 
activity. All patients fulfilled the revised 
criteria of the American Rheumatisms 
Association (ARA). 


Assessment of disease activity: 

Disease activity was assessed using 
the British Isles Lupus Assessment Group 
(BILAG) activity index (Symmons et al; 
1988) for SLE patients, an increased skin 
score (Brennan et al; 1992) and progressive 
organ involvement, and objective measure- 
ment of joint inflammation (tenderness and 
swelling). The assignment of active or inac- 
tive disease was made without knowledge 
of the adhesion molecules assay result. 

The British Isles Lupus Assessment 
Group (BILAG) SLE activity score assesses 
current status and significant changes from 
the last clinical visit for 8 separate system- 
based groups. Disease activity is graded; A: 
active, requiring disease- modifying 
therapy; B: active but receiving 
symptomatic therapy only; C: stable; D: 
past involvement; E: system nerve 
involved. The index was not designed to 
provide global score per se. But in order to 
compare it with other activity indices, each 
grade was assigned a numerical value as 
follows, A=9, B=4, C=1, D and E=0. 
Gladman and colleagues (1992) have 
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ng/ml, 650+60 ng/ml, 47.30 + 11.70 u/ml 
and 47.7 +5.8 ng/ml respectively. 

In the inactive SLE group, the mean 
values were 4.80±0.70 ng/ml, 430.0429.0 
wml, 27.948.5 u/ml, and 45.745.0 ng/ml 
respectively (figsl, 2, 3). 

By comparing these values with 
those of the control group there was a very 
highly significant increase (p<0.0005) in 
both TM and sVCAM-lvalues, and 
moderate increase (p<0.05) in sICAM- 
llevels in active SLE.The inactive group 
showed mildly signifycant increase(p<0.05) 
for the three parameters. E-selectin values 
were insignificant (p>0.05). 

As summarized in table (2) the levels 
of sVCAM-1, sICAM-1 thromb-omodulin 
and E-selectin were correlated with ESR, 
TLC, CRP and platelet counts. 

Values of sTM, sVCAM-1, sICAM- 
land E-selectin were significantly higher 
in 15/20 patient with positive CRP (mean + 
SD) as compared to those with negative 
CRP as shown in table (2) and fig(5). 

Table.3. represents correlation 
between British Isles Lupus Assessment 
Group (BILAG) score and laboratory 
parameters of disease activity. 

There was a positive correlation 
between British Isles Lupus Assessment 
Group (BILAG) score and each of ESR and 
serum creatinine. Negative correlation was 
found with HB, TLC and platelet count, no 
significant correlation with CRP. 


(streptavidin—peroxidase) was added .After 
incubation and washing to remove all the 
unbound enzyme,a substrate solution which 
acts on the bound enzyme was added to 
induce a colored reaction product. The 
intensity of this colored product is directly 
proportional to the concentrations of each 
component present in the samples. The 
intensity of the color of each well was 
measured by an automated ELISA plate 
reader at 450 nm. 

Statistical analyses : were carried out 
by students’ T test linear regression 
analysis was used to calculate correlation 
coefficients. Differences of variable 
between various data were evaluated with 
Wilcokons' test. 


Results: 

In this study, according to British 
Isles Lupus Assessment Group (BILAG) 
criteria the 40 patients were divided into 
two groups. The first included 22 with high 
disease activity (BILAG  score>10).The 
second include 18 with low disease activity 
(BILAG score 0-5) .Results and statistical 
analysis were represented in tables 1-3. 

In table (1): the mean values of 
thrombomodulin, sVCAM-1, sICAM-1 and 
E-selectin in all patients were 8.20 + 0.80 
ng/ml, 550.0+55.0 u/ml, 34.041.2 u/ml and 
44.50+5.30 ng/ml respectively. In active 
SLE group the mean values were12.8+2.20 


Table.1. Comparison between SLE patient groups and control as regards 
thrombomodulin, sVCAM- 1, sICAM- 1 and E-selectin values. 


Active In active 
22) 18 
12.80+2.20 4.80+0.7 
p<0.0005 p<0.05 
650.0460 430.0422 
p<0.0005 p<0.05 
47.3411.70 27.900 
p<0.05 p<0.05 
47.045.80 45.70+5.0 
P>0.05 P>0.05 


Control All patients 
No. of samples 20 40 
Thrombomodulin 8.20+0.8 
ng/mL(mean +SD) A4 p<0.0005 
sVCAM-1 u/mL(mean 550.0455 
48D) 350.0430 p<0.0025 
sICAM-1 u/mL(mean +SD) 7.40+1.80 34.0+41.2 

p<0.05 

E-selectin ng/mL(mean 44.50+5.30 
+SD) 38.40+4.0 p>0.05 


p>0.05Non-significant difference. 
p<0.05: significant correlation. 
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Table.2.Correlation between sICAM, sVCAM, E-selectin and thrombomodulin values, 
clinical data and laboratory assessment of active and in active groups. 


P 

[2 5 
P,<0.01 S 
P,<0.01 S 
P,<0.05N. S 
P,>0.01S 
P,>0.05 S 
P,<0.02S 
P,<0.002 S 
P,>0.001H.S 
P,<0.001 H.S 
[2 15 
P,<0.05 S 
P,<0.001 H. S 
P2<0.001 H.S 
P,<0.05N.S 
P,<0.05 N.S 
P,<0.0005H.S 
P,<0.05 N.S 
205 
P,>0.05 S 
P,<0.0005H.S 
P2<0.5 N.S 








In active patients 


3-10(3.40+2.10) 
4-9(7.3043.70) 
95-400(230+92) 
7-12(8.7044.20) 
5-118(45.3445) 
0-1(4.30+43.20) 
0.25-5.5(3.20+£2.10) 
22-35(27.90+8.50) 
390-490(430+22) 


37-49(45.7045) 


8-5(4.80+0.70) 


TLC: Total leukocytic count. 
HB: Hemoglobin. 

ESR: Sedimentation rate. 
CRP: C- reactive protein. 


Disease activity parameter Active patients 


BILAG score (mean SD) 6-18(7.30+5.20) 


9 
TLC x 10/L (mean +SD) 4-10(4.60+41.80) 


Platelets x 10°/L (mean 
+SD) 
HB g/dl (mean +SD) 


100-420(236+99) 


6-11(8.4043.10) 


E NEED SOD 


CRP mg/dl (mean +SD) 0-18(8.5046.30) 
Serum creatinine 
mg/dl(mean +SD) 
sICAM -1u/mL (mean 
+SD) 
sVCAM-1 u/mL (mean 
+SD) 
E-selectin ng/mL (mean 
+SD) 
Thrombomodulin 
ng/mL 
(mean +SD) 


0.4-6(3.50+£2.30) 
41-50(47.30+11.70) 
600-720(650+60) 


39-50(47+45.80) 


16-13(12.80+2.20) 


p>0.05:Non-significant correlation. 
p<0.05: significant correlation. 
r,=Correlation for active group. 
r=Correlation for in active group. 
P\=Significant for active group. 
حوط‎ Significant for in active group. 


Table.3. Correlation between British Isles Lupus Assessment Group (BILAG) score and 
laboratory parameters of disease activity in patients with SLE. 


Sig. 


Laboratory R 
parameters 

ESR 0.90 
Serum creatinine 0.70 
HB -0.50 
TLC -0.60 
Platelet count 0.10 
CRP 
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Fig.1.: comparison between thrombomodulin in patients and control group. 
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Fig.2.: comparison between sVCAM-1 in patients and control group. 
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Fig.3.: comparison between sICAM-1 in patients and control group . 
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Fig.4.: comparison between E-selectin in patients and control group. 
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Fig.5.comparison between different groups of SLE and control group as regards level of 


In this study the levels of sTM, 
sVCAM-1, sICAM-1 and E-selectin in 
serum were measured and correlated with 
disease activity in 40 patients, who were 
grouped into two groups, the first included 
22 patients with active disease (BILAG 
>10) and the second included 18 patients 
with low disease activity (BILAG 0-5 ). 

The results demonstrated that the 
concentrations of serum sTM in the active 
SLE patients (22/40) were significantly 
elevated when compared with the control 


adhesion molecules. 


Discussion:- 

SLE is characterized by immune 
complex vasculits with endothelial cell 
damage (Garcia - cozar et al, 1996). Also it 
has been suggested that expression of 
adhesion molecules primes the vascular 
endothelium for subsequent injury, as 
reflected by increased release of TM into 
the circulation (Boehme et al; 2000).SLE is 
characterized by considerable variation in 
disease manifestation, there —fore , reliable 
serological parameters of the inflammatory 
activity of the disease are required. 
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relationship between serum levels of 
VCAM-I and disease activity that can be 
used in early diagnosis of exacerbation of 
the disease. 

Egerer et al;( 2000 )determined sE- 
selectin and sICAM-1levels in SLE patients 
in comparison to patients with sepsis or 
infection. Elevated level of sE- selectin and 
sICAM-1 were detected in SLE in contrast 
to patients with localized  infection( 
p<0.001). They concluded that combined 
elevation of sICAM-1 and sE-selectin 
correlate with the prognosis in patients with 
active SLE. 

Sari et al; (2002) found a statistically 
significant positive correlation between 
sICAM-1 levels and SLE activity and no 
correlation was found between sICAM-1 
and CRP and ESR and suggested that 
sICAM-1 may serve as serologic marker of 
disease activity. 

However the results of Boehme et al ; 
(2000) did not agree with all of the above 
results as they found that there was a weak 
correlation between soluble adhesion 
molecule levels (ICAM-1, E-selectin and 
VCAM-1 ) and disease activity of SLE, but 
sTM was the most important serological 
parameter of disease activity . 

The general indirect markers (ESR, 
CRP and TLC) showed moderate 
correlation with disease activity. No 
correlation was found with HB or platelet 
count .This is because these markers are 
influenced by a multiplicity of factors 
(Esdail et al ;1996) 

In conclusion the present data suggest 
that sTM is the best serological marker that 
reflects disease activity and may be used as 
a serological parameter for therapeutic 
considerations. On the other hand sVCAM- 
land sICAM-1 but not E-selectin seems to 
be promising, valuable serological disease 
activity markers in SLE. Further studies 
must be conducted to assess the clinical 
significance of these parameters. 
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ترابط مستوى الثرومبوموديولين وجزيئات الالتصاق الذائبه 
للخلايا المبطنه للأوعيه الدمويه في مصل مرضى 


الذئبه الحمراء 


ملكه علي محمد محسن, Stale‏ عبد المنعم جميل*, مها إبراهيم شحاتة *, 
بشري حسن الظواهري ** و سلوي عفيفي***. l‏ 
قسم الكيمياء الحيوية الطبية والميكروبيولوجي والفسيولوجى** - كلية طب بنات AII‏ 
وقسم الميكروبيولوجى- كلية الصيدلة بنات الأزهر. 


في هذا البحث تم تقييم مستوي جزيئات الألتصاق الذائبه للخلايا المبطنه الأوعيه 
الدمويه (ايكام-1 الذائب فيكام-1 الذائب و اسلكتين الذائب و الثرمبوموديولين) في مصل 40 
مريض مصابين بمرض التيبس المجموعي بالأضافة الي 20 شخصا كمجموعة ضابطة وقد 
تم عمل الاختبارات المعملية و الاكلينية الاتية لكل مجموعة: 

نسبة مستوى جزيئات الالتصاق الذائبة للخلايا المبطنة للاوعية الدموية ايكام-1 الذائب 
فيكام-1 الذائب و إسكلتين الذائب و الثرمبوموديولين الذائب) سرعة الترسيب عدد كرات الدم 
الأبيض و الصفائح الدمية و الكرينتين و البروتين النشط و معامل الروماتيد بالاضافة الي 
اعراض نشاط المرض الاكلينيكية مثل التهاب المفاصل و الكلى و العضلات و الرئة و الجلد 


الخ 
č‏ أوضحت الدراسة ان مستوى هذة الجزيئات في كل مجموعة أعلى منة في 
الاشخاص الاصحاء و كان هذا الارتفاع ذو دلالة إحصائية عالية ولم يوجد فرق إحصائي 
في مستوى ايكام-1الذائب و فيكام-1 الذائب. 

و عند تحليل و دراسة علاقة هذة الجزيئات بالظواهر الاكلينيكية للمرض وجد ان 
هذه jal‏ قات لار dea‏ ال كفت ya‏ اشا كانت lo)‏ فن pute yall‏ الذي يعارن pal‏ اض 
١ Po en Peery,‏ : 

و أوضحت الدراسة وجود نسبة مرتفعة للإسلكتين و الثرمبوموديلين في المرض 
النشط بالمقارنة في حالة عدم النشاط أو بالمقارنة للمجموعة الضابطة و يزداد نسبة 
الإسلكتين و الثرموموديلين مع زيادة سرعة الترسيب و كذلك تناسبا طرديا مع البروتين 
النشط في مرض الانسجة الضامة (الذئبه الحمراء). 

وتؤكد نتائج هذة الدراسة على اهمية الدرس الذي يلعبة الإسلكتين و 
الثرومبوموديلين في الانسجة المناعية الذائبة عند هؤلاء المرضى و إمكانية استخدامه كدليل 
te‏ نشاط oll (ye yall‏ جقاعة jo!‏ اضية , 
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